Maladaptive decision-making is a cardinal feature of drug use, contributing to ongoing use, and reflecting alterations in how drug users assess uncertain reward value. Accumulating evidence indicates the consequences of heavy marijuana use are worse for female versus male animals and humans, but research assessing sex differences in reward-related decision-making among marijuana users remains scarce. We examined sex differences in the subjective valuation of certain and uncertain rewards among heavy marijuana users (52; 26 male and 26 female) and controls (52; 26 male and 26 female). We offered male and female heavy marijuana users and controls monetary rewards of certain and uncertain (probabilistic) values. We measured how preferences for uncertain rewards varied by the objective value of those rewards, moderators of reward uncertainty, Marijuana Group and Sex. Men were more sensitive to changes in the objective value of uncertain rewards than women. However, this effect of Sex differed by Marijuana Group. Female heavy marijuana users were more sensitive to changes in uncertain reward value, particularly when the "stakes" were high (i.e., greater difference between potential uncertain rewards), than female controls. Female heavy marijuana users' sensitivity to changes in the value of high stakes uncertain rewards was comparable to male marijuana users and controls. In contrast, male marijuana users' sensitivity to changes in the value of high stakes uncertain rewards did not differ from male controls. These results suggest sex differences in sensitivity to high risk rewards may be one pathway contributing to severer consequences of heavy marijuana use among women.
Accumulating clinical and preclinical evidence suggests marijuana is more harmful to females than males (Buckner, Zvolensky, & Schmidt, 2012; Bujarski, Norberg, & Copeland, 2012; Rubino et al., 2008; Rubino & Parolaro, 2011; Wiers et al., 2016) . Women who use marijuana experience accelerated progression from recreational to problematic use (i.e., "telescoping"), enter treatment sooner (Hernandez-Avila, Rounsaville, & Kranzler, 2004) and with more severe clinical presentations (Greenfield, Back, Lawson, & Brady, 2010) , are more concerned about their use, and believe that abstaining will be harder than do men who use at comparable rates (Copeland, Swift, & Rees, 2001) . In light of recent changes in the legal status of marijuana, and anticipated associated increases in the base rates of marijuana use (Volkow, Baler, Compton, & Weiss, 2014) , more research is needed to understand potential harm associated with marijuana use and why women are more vulnerable to its effects. However, empirical research on why sex differences in marijuana use outcomes exist remains scarce (Becker & Hu, 2008; Greenfield et al., 2010) . In particular, although maladaptive decision-making is a cardinal feature of substance use and addiction (Redish, Jensen, & Johnson, 2008; Schultz, 2011) , examination of potential sex differences in decision-making among marijuana users has received little attention. Specifically, sexually dimorphic sensitivity to rewarding effects of cannabinoids (Fattore et al., 2007; Fattore, Spano, Altea, Fadda, & Fratta, 2010) and related sex differences in rewardrelated decision-making may represent one mechanism of increased vulnerability to reinforcing drug effects, telescoping, and greater severity of substance use disorders among women (Brady & Randall, 1999; Greenfield et al., 2010; Westermeyer & Boedicker, 2000) . If true, such sex differences would be expected to manifest as differential sensitivity to the value of rewards.
Decision Making in Healthy Individuals
When deciding which rewards to pursue, individuals select rewards they perceive are most valuable; however, our perception of reward value is not solely determined by objective calculations. Instead, the perception of reward value is prone to systematic deviations from that of a "rational actor," coldly computing the mathematically most advantageous of available rewards (Tversky & Kahneman, 1974) . For example, in addition to objective markers of value (e.g., dollar amount), subjective reward value reflects the influence of subjective intra-and interindividual markers of value (i.e., social norms, preferences, and emotional states). Combined, these objective and subjective markers of value determine our bias to pursue rewards and how sensitively we can differentiate between the values of available rewards (Knutson, Taylor, Kaufman, Peterson, & Glover, 2005; Redish et al., 2008; Tversky & Kahneman, 1974) . The use of these additional sources of information about reward value to guide our behavior is highly adaptive, as objectively advantageous choices are not necessarily wise (e.g., stealing when there is minimal risk of capture or negative consequences is mathematically advantageous, but still not advisable). Consequently, to determine whether a bias in reward valuation is risky or conservative we use the mean value calculated by the groups to which the individual belongs, particularly because deviations from the norm in reward valuation can carry different risks and offer different consequences for certain groups (e.g., men vs. women).
One of the most consistent deviations in reward valuation emerges when people choose between a reward of certain value and a reward of uncertain value. Humans and other animals prefer rewards with certain values, even when uncertain rewards are objectively more valuable (Kahneman & Tversky, 1979) . The perceived value of uncertain rewards is lowest when the difference between possible reward values is high (i.e., high variance, greater risk and/or more "at stake"). Similarly, the value of uncertain rewards is reduced if the probability of receiving each potential reward is unknown (greater uncertainty). Subjective reward value is also influenced by time; individuals prefer smaller, sooner rewards over larger, later rewards (i.e., delay discounting; Reynolds, 2006) . This is thought to occur, at least in part, due to individuals' automatic perceptions that the receipt (Andreoni & Sprenger, 2012; Epper, Fehr-Duda, & Bruhin, 2011) and hedonic experience (Snider, LaConte, & Bickel, 2016) associated with future rewards is inherently uncertain (Bixter & Luhmann, 2015; Reynolds, Patak, & Shroff, 2007) .
Decision Making in Drug Users
Decision-making is notoriously disrupted among drug users, reflecting consequences of neuroadaptations to chronic exposure to drugs and premorbid risk factors (Redish et al., 2008; Schultz, 2011) . Evidence of marijuana-related differences in decisionmaking have been observed with several naturalistic laboratory tasks of risk-taking (e.g., Balloon Analog Risk Task (BART): Hanson, Thayer, & Tapert, 2014 ; and the Iowa Gambling Task (IGT) : Bechara, Damasio, Damasio, & Anderson, 1994; Hermann et al., 2009; Wesley, Hanlon, & Porrino, 2011; Whitlow et al., 2004) . Sex differences in these tasks are often observed (Bolla, Eldreth, Matochik, & Cadet, 2004; Reavis & Overman, 2001; van den Bos, Homberg, & de Visser, 2013; Weafer & de Wit, 2014) and more recently, sex differences have been detected among marijuana users . Across experiments, women are more risk-averse than men and drug users display greater risk-taking than do controls. Laboratory tasks like the BART and IGT excel at discriminating between drug users and controls; however, because the designs of naturalistic risk-taking tasks such as these are difficult to decompose, it can be difficult to (a) discern which psychological processes underlie these group differences (Buelow & Blaine, 2015; Maia & McClelland, 2004) , and (b) understand why group differences fail to emerge in some cases (e.g., marijuana intoxication does not impair IGT performance; Vadhan et al., 2007) .
In contrast, simple decision-making tasks that manipulate moderators of reward value are amenable to decomposition, enabling researchers to test falsifiable hypotheses about the precise nature of the decision-making alterations associated with drug use (Schonberg, Fox, & Poldrack, 2011) . The majority of research with such tasks has explored how temporal uncertainty influences the perceived value of rewards among drug users. In general, drug users show steeper delay discounting than healthy individuals, preferring smaller, sooner rewards more than larger, later rewards (Bickel, Odum, & Madden, 1999; Coffey, Gudleski, Saladin, & Brady, 2003; Goudriaan, Grekin, & Sher, 2007; Johnson, Bickel, & Baker, 2007; Madden, Petry, Badger, & Bickel, 1997; Petry, 2001 ). This bias may occur, in part, due to persistent changes in how rewards are processed and evaluated following drug use (Redish et al., 2008) . Although decision-making deficits among drug users have been extensively documented, research assessing reward valuation among marijuana users is relatively nascent compared with other drugs of abuse. That which exists suggests that in contrast with users of other drugs of abuse (Bickel, Koffarnus, Moody, & Wilson, 2014; Bickel & Marsch, 2001) , delay discounting is not steeper among marijuana users than healthy individuals (Johnson et al., 2010) , and delay discounting is unaffected by pharmacological marijuana intoxication (McDonald, Schleifer, Richards, & de Wit, 2003; Metrik et al., 2012) .
Although marijuana users may discount temporally uncertain rewards (as indexed by delay discounting) at comparable rates as healthy individuals, it remains unclear whether they discount the value of other types of uncertain rewards. For example, comparably little research has examined how the probability of receiving a given reward or how the variance in potential available reward values influences the way drug users subjectively value monetary rewards. Probability discounting describes the tendency for the subjective value of monetary rewards to decrease as the odds against its receipt increase (Rachlin, Raineri, & Cross, 1991) ; that is, people tend to prefer rewards that are guaranteed in lieu of rewards with a lower likelihood of receipt (Schultz, 2011) . Furthermore, probabilistic rewards are discounted comparably to drug rewards, whereas delayed rewards are discounted more steeply as compared with drug (or other consumable rewards; Estle, Green, Myerson, & Holt, 2007) , lending additional merit to the use of probabilistic uncertainty in examining subjective reward valuation among drug users. Although temporal and probabilistic uncertainty can both elicit uncertainty discounting, they likely represent dissociable forms of reward valuation that may affect some vulnerable populations more than others (Green & Myerson, 2013) . Although one study to date found marijuana intoxication did not impact probability discounting in healthy individuals (McDonald et al., 2003) , heavy marijuana users may be more vulnerable to such alterations. Furthermore, accumulating evidence indicates probabilistic uncertainty may be amplified by the degree of variance present in the objective values of available rewards (e.g., wider discrepancies in potential outcomes increases probabilistic uncertainty (Schultz, 2011) ); thus moderation of probabilistic uncertainty could increase power to detect group differences on reward valuation.
Finally, research from our laboratory suggests that alcohol, nicotine, and marijuana use alters the processing of uncertain threats (as assessed via stress response to threat of uncertain electric shock), and that this effect is dose-dependent (Gloria, Hefner, Baker, & Curtin, 2016; Hefner & Curtin, 2012; Hefner, Moberg, Hachiya, & Curtin, 2013; Hogle, Kaye, & Curtin, 2010; Moberg & Curtin, 2009; Moberg, Bradford, Kaye, & Curtin, 2016) . These cross-drug observations lead us to consider whether heavy marijuana users might display alterations in the processing of uncertain rewards, and whether their reward valuation would be sensitive to the presence of stress (exposure to electric shock). Although similar effects might be present among users of other drugs, our interest in reward valuation among heavy marijuana users in the present investigation was driven, in part, by the paucity of such information in the present literature.
Present Study and Predictions
We investigated how preferences for probabilistic uncertain monetary rewards differ between heavy marijuana users and controls, among men and women. We manipulated two forms of reward uncertainty: variance (difference in potential values for the uncertain reward) and uncertainty type (known vs. unknown probability) to assess how these factors bias preference for uncertain rewards. We parametrically manipulated the objective value of the uncertain rewards (uncertain reward utility, a measure of objective value of an uncertain reward as compared with a certain reward) in each of these conditions to assess whether sensitivity to changes in reward value might differ between groups. Finally, due to our previous work documenting drug-related alterations in stress responses to uncertain threat (e.g., Hefner & Curtin, 2012 ) trials were presented during periods of unpredictable threat (laboratory analog of stress; electric shock vs. safety), with the expectation that stress resulting from shock threat would differ across marijuana use groups, and might differentially impact reward valuation.
We predicted participants would prefer certain rewards more than uncertain rewards; however, we predicted the bias for uncertain rewards (defined as the overall tendency to select uncertain rewards, independent of uncertain reward utility) would be stronger among marijuana users. We also predicted that sensitivity to changes in uncertain reward value (defined as the ability to detect changes in objective reward value) would be greater among marijuana users than nonusers, and examined potential differences by sex. The precise nature of sex differences in subjective reward valuation, if observed, would reveal one etiological pathway by which women experience greater consequences of heavy marijuana use as compared with men.
Method Participants
We recruited 52 (26 female) heavy marijuana users (i.e., reporting use Ն5 days per week, Նtwice per day, for Ն6 months) and a comparison group of 52 (26 female) individuals reporting, minimal, infrequent marijuana use (i.e., lifetime prevalence of use Ͼ1x but Ͻ50x; no use in the past month) from the Madison, WI area (N ϭ 104).
1 Heavy marijuana use was defined based on approximately daily use, and using multiple times per day. These criteria have been previously used in a prior study conducted in our laboratory (Gloria et al., 2016) . The present study was approved by the University of Wisconsin-Madison Institutional Review Board and was in line with the Declaration of Helsinki. Participants provided informed consent and their data was protected by a Certificate of Confidentiality from the Department of Health and Human Services. Exclusion criteria were current diagnoses of drug dependence, other than marijuana dependence, use of psychotropic medication(s), engagement in psychological treatment (within 6 months), current or past diagnosis of psychotic disorders, and being outside the age range (18 -35 years).
Procedure
Screening session. A clinician administered a standardized interview to assess participant's medical history, past and current drug use (Drug and Alcohol Use Disorders components of the Mini-International Neuropsychiatric Interview, adapted to assess past use; Sheehan et al., 1998) , and current marijuana use habits. Eligible participants scheduled an appointment for a second laboratory session. Marijuana users were asked to maintain their typical frequency and quantity of use to avoid precipitating acute withdrawal, but refrain from using marijuana for at least one hour prior to the experimental session to avoid intoxication effects. All participants were asked to avoid using other recreational drugs for 24 hours prior to their experimental session (with the exclusion of nicotine; participants were asked to continue their typical rate of use).
Experimental session. The Reward Uncertainty DecisionMaking Task is a modified version of a task developed by Huettel, Stowe, Gordon, Warner, and Platt (2006) . The task included 144 trials where participants expressed their preference for a certain or an uncertain reward displayed in two adjacent circles on a computer monitor by pressing one of two buttons. Exemplar trials are depicted in Figure 1 .
Participants were told the computer would randomly select one trial and that they would receive the reward they chose during that trial. If they chose a certain reward, they could receive the monetary value depicted within that circle at the end of the experiment. The uncertain reward was comprised of two different monetary values. If they chose an uncertain reward, they could receive one of the two monetary values depicted within that circle at the end of the experiment. Participants were required to respond within 4 s; they received computer feedback after any trial where response time was slower than this cut-off. Participants were instructed that the task was not a math test, there were no right or wrong answers, and that they should base their decisions about which reward to pick on their personal preferences. Following instructions and questions, participants completed a series of practice trials to confirm that they understood the task. The task required approximately 20 min to complete.
The objective utility of the uncertain reward (relative to the certain reward) varied across trials. This Uncertain Reward Utility is defined as the probability weighted sum of the two monetary values that comprised the uncertain reward minus the monetary value of the certain reward. Uncertain Reward Utility can be expressed mathematically as ((0.5 ϫ low uncertain reward value) ϩ (0.5 ϫ high uncertain reward value)) -certain reward value. We varied Uncertain Reward Utility across 9 ordinal levels (Ϫ4 to 4) to create conditions where it was objectively advantageous (utility Ͼ0), equivocal (utility ϭ 0), or disadvantageous (utility Ͻ0) to choose the uncertain reward.
We parametrically manipulated three independent variables expected to change the subjective value of uncertain rewards. Uncertain Reward Variance, defined as the difference between the value of the high and low monetary values comprising the uncertain reward, was either low ($10 difference; e.g., $25 and $35) or high ($50 difference; e.g., $5 and $55). Uncertainty aversion was expected to be greater when Uncertain Reward Variance was high. Uncertainty Type, defined by knowledge about the probability of receiving the uncertain reward, varied across trials where probability was known or unknown. On known trials, participants were told the probability of receiving each of the two monetary values of the uncertain reward was 0.5. On unknown trials, no information was provided about the relative probability of receiving each of the two values. Uncertainty aversion was expected to be greater for unknown trials, due to the absence of information about reward probability. Finally, Threat of shock varied across four blocks of 36 trials. Electric shocks were administered during two of the four blocks of trials. Threat block order was counterbalanced betweensubjects. A total of five shocks were administered during the task: three shocks in the first Threat block and two shocks in the second Threat block. The intensity of the shocks administered were based on participants' subjective shock tolerance to a series of 200 ms electric shocks of increasing intensity using standard procedures (Curtin, Patrick, Lang, Cacioppo, & Birbaumer, 2001 ). Shocks were administered using a custom shock stimulator via stainless steel electrodes across the distal phalanges of the index and ring fingers. The procedure was stopped once participants reached the maximum level of shock they could tolerate. Shock intensity during the main task was calibrated to each participant's subjective maximum tolerance threshold to minimize individual differences in shock tolerance.
In Threat blocks, participants were instructed that electric shocks could occur at any point during the block, whereas in Safe blocks, shocks would never be administered at any point.
To increase the salience of this manipulation, the experimenter identified block type verbally and reiterated shock contingencies at the beginning of each block. Finally, a block label (e.g., "NO SHOCKS") remained on the screen in the top left corner throughout the block. Responses made during trials where a shock occurred were excluded from analysis. Trial order was fully randomized, with each trial type equally likely to be paired with a shock. Uncertainty aversion was expected to be greater during Threat trials than Safe trials due to greater anxiety and increased preference for certainty. Manipulation of Uncertain Reward Utility, Uncertainty Type and Uncertain Reward Variance yielded 36 unique trial combinations of values across certain and uncertain rewards (9 ϫ 2 ϫ 2) that were presented twice each during Threat and No Threat blocks.
After completing the task, participants completed individual differences measures to enable us to examine trait-like similarities and differences by marijuana group and sex. These measures included: Multidimensional Personality QuestionnaireBrief Form (MPQ; Patrick, Curtin, & Tellegen, 2002) , the Intolerance of Uncertainty Index (IUI15; Buhr & Dugas, 2002) , Depression and Anxiety Stress Scales-21 (DASS-21; Lovibond & Lovibond, 1995) , Sensitivity to Punishment and Sensitivity to Reward Questionnaire (SPSRQ; Torrubia, Ávila, Moltó, & Caseras, 2001) . Drinking behavior and alcohol problems were assessed using the Young Adult Alcohol Problem Screening Test (YAAPST; Hurlbut & Sher, 1992 ) and a self-report measure of drinks per week.
Biological specimen collection. Urine samples from marijuana users were obtained at the Screening and Experimental Sessions to confirm ongoing marijuana use. Controls were required to test negative on an immediate-result qualitative test of marijuana use using a cut-off score of 50 ng/ml (Key Operated Drug Test Cup; Drug Test Systems, Dover, NH).
Results

Participant Characteristics and Group Differences
Marijuana users reported consuming 7.0 (SD ϭ 6.8) grams of marijuana weekly, with men and women consuming comparable amounts (see Table 1 for individual difference measures, divided by Marijuana Group and Sex). Although not required for inclusion in the study, 57.7% of marijuana users met criteria for DSM-IV-TR marijuana dependence and 30.8% met criteria for marijuana abuse. The vast majority of controls did not meet criteria for any marijuana diagnosis (92.3%). However, because some controls endorsed operating a motor vehicle while intoxicated by marijuana in the past year, a minority of control men and women (7.7%) met criteria for a marijuana abuse diagnosis per the MINI, despite very low levels of past use. As expected, marijuana users self-reported greater levels of marijuana craving (MCQ) than controls. Diagnosis rates and marijuana craving did not differ by sex.
As might be expected, marijuana users reported greater tobacco cigarette use than did controls, and men reported consuming a greater number of alcoholic drinks per week than did women. In addition, marijuana users broadly displayed increased anxiety and depression symptomology and negative affect (DASS-Anxiety, DASS-Depression, DASS-Stress, MPQ-NEM) and lower behavioral constraint (MPQ-CON), but these differences did not differ by sex. Overall, women displayed increased reward sensitivity (SPSQ-R) relative to men, but this effect did not differ by marijuana group. For all measures, Sex ϫ Marijuana Group interactions were not significant, indicating that the pattern of effects was not different for male versus female marijuana users or controls. See Table 1 for all statistics related to trait affect and other relevant measures.
Reward Uncertainty Decision-Making Task
We analyzed the odds of choosing the uncertain reward in a two-level generalized linear mixed effects model with a binomial error distribution and a logit link function in R (R Development Core Team, 2015) using the lme4 package (Bates et al., 2015, p. 4) . At level 2, we used centered contrasts to examine the main effects of Marijuana Group (marijuana users vs. controls), Sex (female vs. male), Uncertain Reward Utility (Ϫ4 to 4), Uncertainty Type (unknown vs. known), Uncertain Reward Variance (high vs. low), and Threat (threat vs. no threat) and their interactions. At level 1, we modeled random effects of all within-subjects variables, and their grand mean intercept, nested within each person. We report log odds (b) and odds ratios (OR) to document effect sizes in addition to the 95% confidence intervals (CI) of the OR.
Manipulation Checks
We first evaluated the validity of our within-subjects manipulations of Uncertain Reward Utility, Uncertain Reward Variance, Uncertainty Type, and Threat. As expected, we observed a significant overall bias against choosing the uncertain reward 
Sex and Marijuana Group Effects
The main effect of Marijuana Group and the Marijuana Group ϫ Uncertain Reward Utility interaction were nonsignificant; users and controls were comparatively biased against the uncertain reward (p ϭ .233) and similarly sensitive to changes in the value of the uncertain rewards.
The nonsignificant main effect of Sex is qualified by a significant Sex ϫ Uncertain Reward Utility interaction (b ϭ Ϫ0.34, OR ϭ 0.71, 95% CI [0.61, 0.82], z ϭ Ϫ4.61, p Ͻ .001). Although men and women were indistinguishably biased against uncertain rewards, men had greater sensitivity to changes in the Uncertain Reward Utility than women (men: b ϭ 1.23, OR ϭ 3.40, 95% CI The Sex ϫ Marijuana Group ϫ Uncertain Reward Utility interaction was moderated by Uncertain Reward Variance (b ϭ 0.39, OR ϭ 1.48, 95% CI [1.12, 1.96], z ϭ 2.73, p ϭ .006). Among men, the interaction between Marijuana Group ϫ Uncertain Reward Utility ϫ Uncertain Reward Variance was not significant (b ϭ Ϫ0.21, OR ϭ 0.81, 95% CI [0.65, 1.02], z ϭ Ϫ1.78, p ϭ .076). Whereas among women, this three-way interaction (Marijuana Group ϫ Uncertain Reward Utility ϫ Uncertain Reward Variance) was significant, such that female marijuana users were more sensitive to changes in reward value than nonusers and this difference in sensitivity was greater when Uncertain Reward Vari- Because the sensitivity of female marijuana users, male marijuana users, and male controls were similar, we next directly tested the hypothesis that female marijuana users behave more like men (in either Marijuana Group) than control women. We compared the sensitivity of female controls to the other three groups by replacing the Sex and Marijuana Group fixed effects factors in the model with three Helmert contrasts: female controls versus others (i.e., female users, male controls, and male users); female users versus men (i.e., male controls and male marijuana users); and male controls versus male marijuana users. We constrained interpretation of the parameters from this model to the interaction of the three Helmert contrasts with Uncertain Reward Utility ϫ Uncertain Reward Variance.
Results from the three-way interactions between the Helmert contrasts and Uncertain Reward Utility ϫ Uncertain Reward Variance were consistent with the hypothesis that the sensitivity of female marijuana users was more like men (irrespective of Marijuana Group) than female controls. The significant female controls versus others ϫ Uncertain Reward Utility ϫ Uncertain Reward Variance interaction (b ϭ Ϫ0.16, OR ϭ 0.85, 95% CI [0.74, 0.98], z ϭ Ϫ2.26, p ϭ .024) indicates female controls were less sensitive than the other groups to changes in value when Uncertain Reward Variance was high. Overall, the female marijuana users were indistinguishable from male controls and male marijuana users (who were indistinguishable from each other).
Discussion
We assessed how the subjective valuation of uncertain rewards varied by sex among marijuana users and controls. Participants preferred certain rewards more than uncertain rewards, even when the value of these rewards was objectively identical, or when uncertain rewards were objectively more valuable than certain rewards. As predicted, the bias against choosing uncertain rewards was most prominent when the variance of potential uncertain reward values was high and the probability of receiving the reward was unknown (Hsu, Bhatt, Adolphs, Tranel, & Camerer, 2005; Huettel et al., 2006) . Furthermore, participants were sensitive to changes in objective value of uncertain rewards: as the objective value of the uncertain rewards increased, so did preference for those rewards. Contrary to predictions, threat of shock did not significantly impact subjective valuation of uncertain rewards.
Men were more sensitive to changes in objective value of uncertain rewards than women. This finding is consistent with research in humans (van den Bos et al., 2013) and animals (van den Bos, Jolles, van der Knaap, Baars, & de Visser, 2012), indicating male humans and animals tend to make more advantageous selections in decision-making tasks involving gradations of value and uncertainty (e.g., IGT). Such sex differences may be caused by differential neural organization (van den Bos et al., 2013) , different base rates in risk-proneness that are independent of uncertainty (Byrnes, Miller, & Schafer, 1999) , or reflect sensitivity to shifts in reward value as measured within common laboratory tasks (van den Bos et al., 2013) .
The sensitivity to uncertain rewards differed by sex among marijuana users and controls, particularly when there was more "at stake" (i.e., high variance; uncertain reward outcome values were highly disparate). When variance was high, female controls were less sensitive than men to changes in uncertain reward value, but female marijuana users behaved more like men (marijuana users and controls) than female controls. This is particularly noteworthy given that women tend to be more risk-averse than men in most domains (Weber, Blais, & Betz, 2002) .
These findings support recent research suggesting that sex differences in impulsive behavior among substance users may contribute to increased vulnerability toward substance abuse and negative consequences for women (Weafer & de Wit, 2014) . In the present study, female marijuana users' behavior offers one explanation why the consequences associated with drug use may be worse for women than for men; increased reward sensitivity and/or decreased sensitivity to risks may make women who use marijuana heavily more vulnerable to negative outcomes, because the consequences of their behavior may be more severe than they would be for men. This in turn may contribute to poorer clinical outcomes as has been observed among female as compared with male marijuana users.
For example, risky sexual behavior is more common among marijuana users than nonusers (Andrade, Carroll, & Petry, 2013) . In particular, adolescent female marijuana users engage in more sexual behaviors and are more likely to experience teenage pregnancy than never-users, with greater risks for those initiating marijuana use earlier (Cavazos-Rehg et al., 2011) . Troublingly, compared with those without substance use problems, lifetime rates of sexual victimization are also elevated among female substance users (Kilpatrick, Acierno, Resnick, Saunders, & Best, 1997) , and for female marijuana users in particular, which can contribute to subsequent drug use (Champion et al., 2004) .
Additional work is required to tease apart the etiological pathways contributing to the sex differences observed in the current study. For example, because participants were not randomly assigned to marijuana groups, group differences could result from individual differences in reward sensitivity present before exposure to the drug. Similarly, the stigma of drug use is greater for women than men (Copeland & Hall, 1992; Grella & Joshi, 1999; Nelson-Zlupko, Kauffman, & Dore, 1995; van Olphen, Eliason, Freudenberg, & Barnes, 2009) , which may lead female marijuana users to be less risk-averse and/or more sensitive to potential rewards than female controls. Alternatively, chronic marijuana use could heighten women's sensitivity to rewards, encouraging heavy users to make mathematically more advantageous choices that involve greater risk. These possibilities are not mutually exclusive and could both have contributed to the observed effects.
Limitations
As noted in earlier, a small subset of the control group (four individuals, two women and two men) met criteria for marijuana abuse due to their endorsing a single item (operating a motor vehicle or bicycle while under the influence of marijuana within the past year). Although we intended this control sample to have had minimal, past nonproblematic use of marijuana, this finding was not completely surprising, as a recent study of college students with access to a car found that one in six had driven under the influence of a drug in the last year, with marijuana being the most common drug used (Arria, Caldeira, Vincent, Garnier-Dykstra, & O'Grady, 2011) . Furthermore, although control participants displayed moderate scores on the MCQ, it should be noted that several items relate to positive expectancies regarding marijuana use (e.g., the reverse-scored item, "Smoking marijuana would not be pleasant right now") which may not be indicative problematic use per se. Moreover, and most importantly, MCQ scores significantly differ between the marijuana users and controls, and do not differ between men and women, indicating that the marijuana and nonuser groups are different with respect to marijuana craving (and likely related problematic use), whereas men and women within each group are comparable in terms of their craving. Therefore, this measure establishes that our groups differ in marijuana groups in the manner the groups were designed to; that is, marijuana users and nonusers differ dramatically in terms of habitual marijuana use, with comparable levels of use irrespective of sex. Although we propose an interpretation (e.g., that heavy marijuana use is associated with riskier decision-making among women than men, which is one potential explanatory pathway by which women experience more negative consequences of their marijuana use), we recognize that within a task such as ours, it is equivocal which choices should be considered "bad" or "good." In other words, female marijuana users choose mathematically more advantageous rewards, in a manner comparable to male users and controls. We have anchored our interpretation of the direction of these effects both to the norm for each group in our sample and within the context of clinical phenomena in which women experience more severe consequences of their drug use, including marijuana. We contend that these findings are clinically relevant and important, particularly given the paucity of research examining sex differences in decision-making among drug users, and marijuana in particular. However, we acknowledge more research is needed to establish the reliability and valence of these effects, and to help identify the conditions under which both men and women who use marijuana display aberrant and/or impaired decision-making.
In addition, the null effects of threat of shock on behavior observed in this report should be interpreted with caution. Although similar intensity electric shock have reliably elicited robust fear/anxiety in our laboratory (Bradford, Shapiro, & Curtin, 2013; Hefner & Curtin, 2012; Hefner et al., 2013; Moberg & Curtin, 2009; Moberg, Weber, & Curtin, 2011) , these earlier manipulations of shock threat did not compete with task-related cognitive demands. Threat of shock has been observed to produce less fear/anxiety when attention is divided (Dvorak-Bertsch, Curtin, Rubinstein, & Newman, 2007; Shackman, Maxwell, McMenamin, Greischar, & Davidson, 2011) . Finally, null effects of electric shock on decision-making behavior are not surprising in light of recent research suggesting the impact of electric shock on decision-making tasks like that in the present experiment is relatively weak and may not impact these higher-level executive processes (Robinson, Bond, & Roiser, 2015) .
Moreover, although our earlier work documenting drug userelated alterations in stress responses to uncertain stressors suggests that these changes occur in a similar manner across drug classes (Gloria et al., 2016; Hefner & Curtin, 2012; Hefner et al., 2013; Hogle et al., 2010) , the present study speaks only to alterations in reward valuation among women who use marijuana heavily. More research is needed to explicate decision-making deficits that may be associated with heavy marijuana use for both sexes, and to determine to what extent observed changes in decision-making may generalize across different drugs of abuse.
Summary and Implications
Women who do not use marijuana were more averse to uncertainty and less sensitive to changes in risk than men (similar to previously observed sex differences in decision-making); however, women who use marijuana heavily displayed increased tolerance of risk, and their behavior in high-risk conditions was indistinguishable from men. This increased sensitivity to reward value, despite accompanying risks, may lead marijuana-using women to take risks that nonusing women do not. Such sex differences in reward-related decision-making might represent one etiological pathway that contributes to the poorer clinical and social outcomes observed among women as compared with men who use marijuana who use marijuana heavily.
A host of metabolic/hormonal, cognitive, structural neuroanatomical, affective, and social influences contribute to sexually dimorphic outcomes for male and female marijuana users (Carroll, Lynch, Roth, Morgan, & Cosgrove, 2004; Fattore et al., 2007 Fattore et al., , 2010 Gillies & McArthur, 2010; Kloos, Weller, Chan, & Weller, 2009; Lynch & Sofuoglu, 2010; McQueeny et al., 2011; Medina et al., 2009; Narimatsu, Watanabe, Yamamoto, & Yoshimura, 1991; Newman & Mello, 2009) . Differences in motivations to use, social and emotional consequences of marijuana use may contribute to different outcomes of long-term use in male and female heavy marijuana users (Buckner et al., 2012; Bujarski et al., 2012; Simons, Correia, Carey, & Borsari, 1998; Norberg, Norton, Olivier, & Zvolensky 2010; Rubino et al., 2008; Rubino & Parolaro, 2011) . For example, despite telescoping patterns, women remain less likely than men to enter treatment and have more significant barriers to treatment (e.g., childcare issues, finances, psychiatric comorbidity), whereas sex-specific factors predict treatment entry, retention and outcomes (Greenfield et al., 2010) . Our findings that female heavy marijuana users are more sensitive to high-risk rewards and more willing to take risks to obtain potentially more valuable rewards than women who do not use marijuana, contributes to the growing literature on sex differences in marijuana use and its consequences (Crane, Schuster, Fusar-Poli, & Gonzalez, 2013; Pope, Jacobs, Mialet, Yurgelun-Todd, & Gruber, 1997; Wiers et al., 2016) , and highlights the critical need for early intervention and appropriate tailoring of treatments specifically for women with Cannabis Use Disorders.
